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Dysbiosis in the intestinal microbiota of persons with inflammatory bowel disease (IBD) has been described, but there are still varied
reports on changes in the abundance of Bifidobacterium and Lactobacillus organisms in patients with IBD. The aim of this investi-
gation was to compare the compositions of mucosa-associated and fecal bacteria in patients with IBD and in healthy controls
(HC:s). Fecal and biopsy samples from 21 HCs, 21 and 15 Crohn’s disease (CD) patients, and 34 and 29 ulcerative colitis (UC)
patients, respectively, were analyzed by quantitative real-time PCR targeting the 16S rRNA gene. The bacterial numbers were
transformed into relative percentages for statistical analysis. The proportions of bacteria were uniformly distributed along the
colon regardless of the disease state. Bifidobacterium was significantly increased in the biopsy specimens of active UC patients
compared to those in the HCs (4.6% versus 2.1%, P = 0.001), and the proportion of Bifidobacterium was significantly higher in
the biopsy specimens than in the fecal samples in active CD patients (2.7% versus 2.0%, P = 0.012). The Lactobacillus group was
significantly increased in the biopsy specimens of active CD patients compared to those in the HCs (3.4% versus 2.3%, P =
0.036). Compared to the HCs, Faecalibacterium prausnitzii was sharply decreased in both the fecal and biopsy specimens of the
active CD patients (0.3% versus 14.0%, P < 0.0001 for fecal samples; 0.8% versus 11.4%, P < 0.0001 for biopsy specimens) and
the active UC patients (4.3% versus 14.0%, P = 0.001 for fecal samples; 2.8% versus 11.4%, P < 0.0001 for biopsy specimens). In
conclusion, Bifidobacterium and the Lactobacillus group were increased in active IBD patients and should be used more cau-
tiously as probiotics during the active phase of IBD. Butyrate-producing bacteria might be important to gut homeostasis.

Crohn’s disease (CD) and ulcerative colitis (UC) are two forms
of inflammatory bowel disease (IBD), a condition driven by
an abnormal immune response to the intestinal microbiota in
genetically susceptible hosts (1-3). Dysbiosis of the intestinal mi-
crobiota is common in IBD. Evidence from antibiotic treatment of
IBD, fecal stream diversion in CD, and experimental models of
colitis have shown that microbiotas play an important role in the
pathogenesis of IBD, and the improvement of dysbiosis in the
intestinal microbiota has been propounded as a new strategy for
IBD treatment (4).

Probiotics are live microorganisms that have health benefits to
the host when consumed in adequate amounts, and clinical stud-
ies indicate that the quantity of Bifidobacterium and Lactobacillus
organisms decreases in the intestinal microbiotas of IBD patients
(4). Several clinical trials have demonstrated the efficacy of VSL#3,
a mixture of eight different probiotics, for the treatment of UC
patients (5, 6), and single-species probiotic treatment, such as one
with Escherichia coli Nissle 1917, Bifidobacterium, or Lactobacillus
rhamnosus GG, also displays efficacy in the management of pa-
tients with UC (7-9). Meanwhile, experimental studies in colitis
mouse models have demonstrated the potential protective mech-
anisms of these probiotics, through their reinforcement of the
epithelial barrier (10, 11), inhibition of proinflammatory cytokine
secretion (12, 13), and modulation of immune responses (14,
15). Few studies have evaluated the effectiveness of probiotics
in CD patients. One study suggested that Faecalibacterium
prausnitzii prevents 2,4,6-trinitrobenzenesulfonic acid (TNBS)-
induced colitis (16).

However, studies have shown that the diversity of the genus
Bifidobacterium is not decreased in the feces of patients with active
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CD (17) and that the numbers of Bifidobacterium organisms do
not decrease in active CD patients (18). A twin study even found
an increased abundance of Bifidobacterium and F. prausnitzii or-
ganisms in the mucosal samples of colonic CD patients, as well as
an elevated abundance of Lactobacillus organisms in the mucosal
samples of ileal CD patients (19). These reports seem to be in
conflict with previous data.

To investigate the changes caused by common probiotics in
IBD patients, we used real-time PCR to quantify bacteria in mu-
cosal biopsy specimens and fecal samples of patients with IBD.
Furthermore, we also determined the proportional differences of
the dominant commensal bacteria between paired fecal and mu-
cosal samples.

MATERIALS AND METHODS

Patients and samples. Chinese patients of Han ethnicity with UC and CD
were consecutively recruited from among the outpatients and inpatients
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TABLE 1 Numbers of specimens by patient group, disease status, and
specimen type

z)(t)e‘c?rflens: No. of matched
Patient Disease Biopsy biopsy/fecal
group status location Biopsy Feces specimens
CD Active Ileum 9 15 8
Colon 12
Rectum 12
Quiescent Tleum 2 6 3
Colon 3
Rectum 3
ucC Active Colon 22 29 16
Rectum 22
Quiescent Colon 5 5 4
Rectum 5
HC Control Tleum 21 21 21
Colon 21

Rectum 21

in the Department of Gastroenterology at Zhongnan Hospital of Wuhan
University, Wuhan, China. Patients diagnosed with IBD based on data
from clinics, radiology, endoscopy, and histology were included in the
study. The protocol was approved by the ethics commission of Zhongnan
Hospital. The subjects were asked to complete a questionnaire regarding
environmental exposure, dietary habits, and antibiotic, probiotic, and
drug use. The subjects were required to be adults with an unrestricted diet.
Subjects with positive stool cultures of pathogens who were taking anti-
biotic or probiotic treatments or colon-cleansing products in the 3
months before sampling were excluded. Next, the subjects were invited to
participate in the study and provided informed consent. They were asked

TABLE 2 Group- and species-specific 16S rRNA primers used
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to expel stool onto a sterile petri dish directly before bowel preparation,
and a fresh stool sample was collected on-site and immediately was trans-
ferred to the laboratory with an ice box within 1 h and stored at —80°C for
further analysis. Subsequently, a magnesium sulfate solution and water
were used for bowel preparation, colonoscopy was followed by video en-
doscopy, and biopsy specimens were taken from different gut locations.
The collection procedure for the fecal and biopsy specimens was accom-
plished within 24 h.

The fecal and biopsy specimens were collected from 76 and 63 sub-
jects, respectively (Table 1). Active CD and active UC were defined asa CD
activity index of >150 and a UC activity index of >3 (20, 21), respectively.
Meanwhile, 21 healthy controls were matched for stool samples and
biopsied tissues, and there were also 8 patients with active CD, 3 patients
with CD in remission, 16 patients with active UC, and 4 patients with UC
in remission.

DNA extraction from biopsy and fecal specimen materials. DNA was
extracted from 200 mg of feces. Briefly, 200 mg of stool was added to a
2-ml microcentrifuge tube prefilled with 300 mg of 0.1-mm glass beads
(Sigma, USA) and incubated on ice until the addition of 1.4 ml stool lysis
(ASL) buffer from the QIAamp DNA stool minikit (Qiagen, Germany).
The samples were immediately subjected to bead beating (45 s; speed, 6.5
m/s) twice using a FastPrep-24 machine (MP Biomedicals, USA) before
heat and chemical lysis at 95°C for 5 min. The subsequent steps of DNA
extraction were performed according to the QIAamp kit protocol for
pathogen detection. The biopsy specimen DNA was extracted using the
QIAamp DNA minikit (Qiagen, Germany) according to the manufactur-
er’s instructions, with an additional bead-beating step (45 s; speed, 6.5,
performed twice) using a FastPrep-24 at the beginning of the protocol.
The extracted DNA was stored at —80°C for further analysis.

Amplification by conventional PCR to check primer specificity. A
Bio-Rad PCR machine (Bio-Rad, USA) was used for conventional PCR to
check primer specificity. The primers (Table 2) were purchased from

Primer Annealing Product

Target direction Sequence (5" to 3") T, (°C) size (bp) Reference no.

All bacteria Forward ACTCCTACGGGAGGCAGCAGT 61 200 44
Reverse GTATTACCGCGGCTGCTGGCAC

Bacteroides Forward GTCAGTTGTGAAAGTTTGC 61.5 127 45
Reverse CAATCGGGAGTTCTTCGTG

Bifidobacterium Forward AGGGTTCGATTCTGCTCAG 62 156 45
Reverse CATCCGGCATTACCACCC

C. coccoides group (XIVa) Forward AAATGACGGTACCTGACTAA 60.7 440 46
Reverse CTTTGAGTTTCATTCTTGCGAA

C. leptum group (IV) Forward GTTGACAAAACGGAGGAAGG 60 245 38
Reverse GACGGGCGGTGTGTACAA

F. prausnitzii Forward AGATGGCCTCGCGTCCGA 61.5 199 34
Reverse CCGAAGACCTTCTTCCTCC

Lactobacillus group® Forward GCAGCAGTAGGGAATCTTCCA 61.5 340 47
Reverse GCATTYCACCGCTACACATG

E. coli Forward GTTAATACCTTTGCTCATTGA 61 340 46
Reverse ACCAGGGTATCTAATCCTGTT

3-Globin gene Forward CAACTTCATCCACGTTCACC x4 268 28
Reverse GAAGAGCCAAGGACAGGTAC

“ Based on detected bacterial T,

b Lactobacillus group PCR primers used to amplify bacteria, including the Lactobacillus, Pediococcus, Leuconostoc, and Weissella group of lactic acid bacteria (LAB).
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TABLE 3 Quantification of bacteria in fecal microbiota

% (mean *=SD) of the indicated bacterial species/group:

Disease group  Bacteroides C. coccoides C. leptum F. prausnitzii Bifidobacterium  Lactobacillus E. coli

HC 14.566 * 12.161 29.048 £ 12.750 19.618 * 10.558 14.023 * 10.593 1.244 = 2.059 2.260 * 3.588 1.597 * 4.483
A-CD 28.444 * 22.850 15.593 = 12.977 1.703 = 2.164 0.260 = 0.575 1.986 * 3.442 4.268 = 7.073 6.344 * 6.505
R-CD 23.957 £ 19.389 17.738 % 10.466 5.843 £ 7.541 4.266 = 6.078 1.575 = 1.673 2.324 = 2,537 5.676 * 5.687
A-UC 26.958 * 22.101 19.583 *= 14.767 5.466 * 5.106 2.248 * 2.860 2.943 £ 7.410 3.315 * 3.431 14.742 = 17.474
R-UC 28.892 * 13.472 22.617 * 8.247 11.784 = 11.357 7.600 * 3.795 2.819 = 3.326 2.615 * 2.630 2.310 £ 4.607

ShengGong BioTech (ShengGong, China). PCR consisted of 35 cycles,
with an initial DNA denaturation step at 95°C (30 s), followed by gradi-
ent annealing temperature (30 s) and elongation at 72°C (45 s). The
procedure was completed with a final elongation step at 72°C (10 min).
The determinations of optimum temperature were performed using a
MyCycler gradient PCR machine, which was adjusted for various tem-
perature ranges (Bio-Rad, USA).

Real-time PCR. Bacterial 16S rRNA gene copies were quantified in
mucosal tissue and feces using an iCycler real-time PCR detection
system (Bio-Rad, USA). Briefly, standard curves were constructed with
a 10-fold dilution series of amplified bacterial 16S rRNA genes from
the reference strains. To determine the influence of biopsy specimen
sizes of mucosal tissue, the human cell numbers were quantified using
primers specific for the -globin gene to determine the total number of
mucosa-associated bacteria in the biopsy specimens. To reduce the
quantitative error of the detected bacteria and to characterize the
changes in bacterial copies, the abundance of 16S rRNA gene copies
was calculated from standard curves, and specific bacterial groups
were expressed as a percentage of the total bacteria determined by the
universal primers. Each reaction was performed in duplicate and re-
peated three times. The amplifications were performed in a final reac-
tion volume of 20 .l containing 2X SYBR mix (GeneCopoeia, USA),
0.4 pl of each primer at a final concentration of 0.2 uM, 0.4 pl of ROX
(5-carboxy-X-rhodamine) reference dye, 2 pl of bacterial DNA, and
ultrapure water to 20 pl. The amplification protocol consisted of one
cycle of 95°C for 10 min, followed by 40 cycles of 95°C for 10 s, an-
nealing temperature for 30 s, and 72°C elongation for 30 s. The fluo-
rescent products were detected at the last step of each cycle. Melting
curve analysis was performed from the annealing temperatures to 95°C
atan increase of 0.5°C per 10 s after amplification to monitor the target
PCR product specificity and fidelity.

Statistical analysis. Data analysis was conducted using SPSS 17.0.
Comparisons were made using Student’s ¢ test or a one-way analysis of
variance for variables with normal distributions. For nonnormal distribu-
tions, the Mann-Whitney U test was used for comparisons between
groups, and the Kruskal-Wallis method was used to compare more than

Qo
-
[3,]

| feces

=
o

(3]

log; (CFU( feces/g )

two groups. P values of <0.05 were considered statistically significant.
The total bacterial counts (CFU/g) of each bacterium in the fecal samples
were log transformed (log,, CFU) for statistical analysis. Specific bacterial
counts were expressed as a percentage of the total bacterial counts of each
sample.

RESULTS

Clinical characteristics. The demographic and clinical character-
istics of the IBD patients are shown in Tables S1 and S2 in the
supplemental material.

Percent variation of bacteria in feces. The average bacterial
quantifications of feces in each group are summarized in Table 3.
The comparisons of the fecal bacteria in all groups are shown in
Fig. 1a and b. The total numbers of bacteria in the fecal samples
were similar between the healthy control (HC), CD, and UC pa-
tients, and no significant differences were observed.

Interestingly, we unexpectedly observed an increase of Bifido-
bacterium and the Lactobacillus group in both the active CD (A-
CD) and active UC (A-UC) patients, but neither of these popula-
tions was significantly different from those in the HCs. However,
the proportion of Bifidobacterium was higher in A-UC patients
than in A-CD patients. The proportions of Bifidobacterium and
the Lactobacillus group were decreased in quiescent-IBD patients
compared to active-IBD patients.

We also observed a trend of increased Bacteroides organisms in
A-CD and A-UC patients compared to healthy controls, but no
significant differences were observed. Furthermore, the propor-
tion of Bacteroides was lower in quiescent-IBD patients than in
active-IBD patients. The Clostridium coccoides group decreased
significantly in the feces of both A-CD (P = 0.004) and A-UC
patients (P = 0.015). The Clostridium leptum group, another main
group of the Firmicutes phylum, was decreased in A-CD (P <
0.0001) and A-UC (P < 0.0001) patients and decreased in R-CD

b B HC
0.4 # ACD
% RCD
03 {‘r‘ | *% [ Auc
X 1 rRUC
X
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3

FIG 1 (a) Quantification of total bacteria in feces; (b) quantification of dominant bacteria in feces. HC, healthy control; ACD, active Crohn’s disease; RCD,
Crohn’s disease in remission; AUC, active ulcerative colitis; RUC, ulcerative colitis in remission.*, P < 0.05; **, P < 0.0001.
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FIG 2 Ratios of bacteria in different gut locations and feces. Shown in the upper left graph is the total number of mucosa-associated bacteria at different biopsied
locations in different groups. The other five graphs show the dominant probiotic ratios in the feces and different gut locations.

patients (P = 0.036) compared to in the HCs. We found that the
decreased proportion of C. leptum was higher in A-CD patients
than in A-UC patients (P = 0.014). Although the proportions of
C. coccoides and C. leptum in feces showed a rising trend in patients
with quiescent IBD, there was no significant difference between
quiescent IBD and active IBD patients. F. prausnitzii, a represen-
tative bacterium of the C. leptum group, was decreased both in
patients with A-CD (P < 0.0001) and in those with A-UC (P =
0.001). The decrease in the proportion of F. prausnitzii in patients
with A-CD was significant compared with that in A-UC patients
(P =0.01). F. prausnitzii was increased in quiescent IBD patients,
but no significant differences were observed compared with pa-
tients with active IBD. E. coli, the most abundant bacterium in the
Gammaproteobacteria, was increased in both CD and UC patients.
The proportion of E. coli increased in active-CD (P = 0.005) and
quiescent-CD (P = 0.026) patients compared to that in the HCs.
Additionally, the proportion of E. coli increased in active-UC pa-
tients (P = 0.001) compared to HCs, and the proportion de-
creased in quiescent-UC (P = 0.05) patients compared with
active-UC patients. Moreover, we found that the increased pro-
portion of E. coli was more striking in the active-UC than in the
active-CD patients (P = 0.027).

Percent variation of bacteria in different gut locations. To
determine whether the percentages of commensals varied signifi-
cantly in the different gut locations, we compared the bacterial
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proportions among the three biopsied locations (Fig. 2). The total
number of mucosa-associated bacteria in the healthy controls was
consistent across the different biopsied locations. The percentages
of detected bacteria were almost uniformly distributed along the
colon in the healthy controls. The percentages of detected bacteria
were also consistent across the different biopsied locations in pa-
tients with A-CD. Interestingly, the same results were observed in
patients with A-UC and UC in remission (R-UC), in whom the
bacteria were almost uniformly distributed along the colon, re-
gardless of whether the area was inflamed.

Percent variation of bacteria in mucosal biopsy specimens.
The average bacterial quantifications of the biopsy specimens in
each group are summarized in Table 4. The results were also com-
pared to those for HCs. In the present study, we observed a de-
creased trend in total mucosa-associated bacteria in patients with
CD and UC compared to in the HCs, but no significant difference
was observed. Because the biopsied sample size of the CD patients
in remission (R-CD) group was limited, we did not compare it
with that of the healthy controls. A comparison of the bacteria
found in the biopsy specimens from all groups is shown in Fig. 3a
and b.

Bifidobacterium was increased in patients with A-UC (P =
0.001) compared to in the HCs, and the increased proportion of
Bifidobacterium in the biopsy specimens was higher in A-UC than
A-CD patients (P = 0.032). Again, the Lactobacillus group unex-
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TABLE 4 Quantification of bacteria in mucosal microbiota

% (mean *=SD) of the indicated bacterial species/group:

Disease group Bacteroides C. coccoides C. leptum F. prausnitzii Bifidobacterium Lactobacillus E. coli

HC 19.030 % 6.599 26.182 = A.980 21.957 % 8.089 11.415 % 6.085 2.147 £ 1.514 2.262 *= 2.887 4.872 = 8.83
A-CD 32.263 * 22.400 6.286 = 3.514 8.578 * 7.604 0.817 £ 0.976 2.793 * 2.600 3.420 * 2.169 11.666 = 8.796
A-UC 28.393 = 15.356 19.045 = 14.106 13.326 = 6.679 2.844 = 2.243 4.653 *+ 2.889 3.267 * 2.590 9.831 = 10.984
R-UC 31.477 £ 22.296 19.542 * 14.444 12.754 = 7.027 3.849 * 4.238 3.527 £ 1.981 2.349 * 2.008 0.875 = 0.459

pectedly presented a significant increase in patients with A-CD
(P = 0.036) compared to in the HCs, and although the increased
proportion of the Lactobacillus group was higher in patients with
A-CD than A-UG, no significant difference was observed. We also
observed a rising trend in patients with A-UC, but this trend was
not significant. In contrast, the percentages of Bifidobacterium and
the Lactobacillus group presented a decreasing trend in patients
with quiescent UC, but no significant differences were observed.

We observed a trend of increased Bacteroides in the biopsy
specimens from patients with A-CD and A-UC compared to in
healthy controls, but no significant difference was observed. The
proportion of the C. coccoides group in biopsy specimens was de-
creased in A-CD patients (P < 0.0001) compared to in the HCs,
while no significant decrease was found in patients with A-UC.
The decreased proportion of the C. coccoides group was more
striking in patients with A-CD compared to A-UC (P = 0.003).
The C. leptum group was decreased in patients with A-CD (P <
0.0001) and A-UC (P < 0.0001) compared to HCs, and the de-
creased proportion was higher in A-CD than A-UC patients, al-
though no significant difference was observed. We observed a sig-
nificant decrease in the C. leptum group in patients with R-UC
(P = 0.016) compared to in the HCs. F. prausnitzii was also de-
creased in patients with A-CD (P < 0.0001) and A-UC (P <
0.0001) compared to in the HCs, and the decreased proportion of
F. prausnitzii was significantly higher in patients with A-CD than
in patients with A-UC (P = 0.006). Both the C. coccoides group
and F. prausnitzii exhibited a rising trend in patients with quies-
cent UC compared to those with active UC, but no significant
difference was observed. Additionally, E. coli significantly in-
creased in the biopsy specimens in IBD patients. The proportion
of E. coli was at a high level in patients with active CD (P = 0.018)
compared to in the HCs. Moreover, E. coli also increased in active
UC patients (P = 0.016) compare to in the HCs. Although the
proportion of E. coli was higher in active CD than in active UC
patients, no significant differences were was observed.

t]
=n

[ mucosa

copy number( fold )

R

Comparison of the ratio between fecal and biopsy specimens.
As the detected bacteria in the intestinal mucosal biopsy spec-
imens showed similar proportions regardless of the biopsied
location, we determined whether the proportion was different
between biopsy and fecal specimens (Fig. 4). The proportion of
E. coliwas significantly higher in the biopsy specimens (P = 0.002)
than in fecal samples in 21 healthy controls, but no significant
differences were observed in the other comparisons. In eight
paired A-CD cases, the proportion of Bifidobacterium was in-
creased in biopsy specimens of the active CD patients (P = 0.012)
compared to in the fecal samples. The C. coccoides group showed a
decrease in the biopsy specimens of A-CD patients (P = 0.003)
compared to the fecal samples, but this result was not found in the
UC patients. Conversely, the C. leptum group and its representa-
tive bacterium F. prausnitzii were decreased in the fecal samples of
A-CD patients compared to in the biopsy specimens, but no sig-
nificant difference was observed. This finding was partly due to the
small number of paired cases. However, the C. leptum group
showed a decrease in the fecal samples of patients with A-UC (P =
0.001) compared to biopsy specimens, but not in R-UC patients.

DISCUSSION

In the present study, we investigated mucosa-associated com-
mensal bacteria, as they adhere strictly to the epithelium and
can provide access to the mucosa-associated microbiota of the
subjects, which may play a more critical role than fecal mi-
crobes in IBD pathogenesis (22). In our study, we found that
the proportions of detected mucosa-associated bacteria in
healthy gastrointestinal tracts were uniformly distributed
along the colon, which was in accordance with the findings
from a previous study (23, 24). The total bacterial counts and
detected bacteria were similar across the different gut locations
in the colon, regardless of the disease state, which was in line
with some previous data (24, 25), although reports with con-
flicts data have also been published (26-30).
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FIG 3 (a) Total mucosa-associated bacteria in different groups. (b) Quantification of dominant bacteria in biopsy specimens. *, P < 0.05; **, P < 0.0001.
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FIG 4 Comparison of the ratios in paired fecal and biopsy samples. *, P < 0.05; **, P < 0.0001.

As common probiotics, Bifidobacterium and Lactobacillus have
received considerable attention. Surprisingly, the proportion of
Bifidobacterium was found to be increased in patients with active
IBD. These data were partly in agreement with previous data (17),
although conflicting data have also been published (31). Compar-
atively, the proportion of Bifidobacterium was reduced in quies-
cent CD and UC patients. However, the quantitative PCR (qPCR)
results had good agreement only with 454 pyrosequencing in the
fecal samples. Moran et al. (32) reported that germ-free interleu-
kin-10-deficient (IL-10"'") mice administered Bifidobacterium
animalis had marked duodenal and mild colonic inflammation
and immune responses. Moreover, Medina et al. (33) showed that
B. longum diverted immune responses toward a proinflammatory
or regulatory profile, consequently producing different effects. In
contrast, another study demonstrated that oral Bifidobacterium
administration prevented intestinal inflammation through the in-
duction of intestinal IL-10-producing Tr1 cells and ameliorated
colitis in immunocompromised mice (35).

In the current study, the Lactobacillus group PCR primers
used to amplify bacteria belong to the Lactobacillus, Pediococcus,
Leuconostoc, and Weissella groups of lactic acid bacteria (LAB)
(25). Unexpectedly, we observed that the Lactobacillus group pre-
sented marked increases in patients with active IBD, despite no
significant differences in those with active UC. However, in pa-
tients with quiescent IBD, the proportion of the Lactobacillus
group was similar to that of the HCs in both the fecal and biopsy
samples. Because it was difficult to design genus-specific primers
to definitively discriminate Lactobacillus, Pediococcus, Leuconos-
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toc, and Weissella group organisms, we quantified the Lactobacillus
group with the genus primer, and the species of the Lactobacillus
genus are phylogenetically diverse, with >100 species docu-
mented to date (36). This result may suggest that other species of
the Lactobacillus genus or LAB-producing bacteria were also in-
creased in active-IBD patients. A previous study showed that Lac-
tobacillus can secrete lactocepin and exert anti-inflammatory ef-
fects by selectively degrading proinflammatory chemokines (12).
Mileti et al. (37) found that Lactobacillus paracasei displayed a
delay in the development of colitis and a decreased severity of
disease but that L. plantarum and L. rhamnosus GG exacerbated
the development of dextran sodium sulfate (DSS)-induced colitis.
In contrast, Tsilingiri et al. (39) found that L. plantarum induced
an inflammatory response in the healthy tissue cultured ex vivo at
the end of incubation that resembled the response induced by
Salmonella. Moreover, L. paracasei, L. plantarum, and L. rhamno-
sus GG were detrimental in the inflamed tissue derived from IBD
patients cultured ex vivo, whereas the supernatant from the cul-
ture system of L. paracasei directly acted on the tissue and down-
regulated the proinflammatory activities of the existing leukocytes
(39). It remains to be determined which species of Lactobacillus
group is increased in patients during the active phase of IBD.
Thus, the effects of Bifidobacterium and Lactobacillus in the gut
lumen of active IBD patients are of importance and should be
determined.

Although the bacteria of the Firmicutes phylum presented a
varied degree of decline, the decrease in proportion was greater in
patients with A-CD than in patients with A-UC. Moreover, we
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found that the C. coccoides group, which comprises Clostridium
cluster XIVa, including members of other genera, such as Copro-
coccus, Eubacterium, Lachnospira, and Ruminococcus (38), was
more deficient in the biopsy specimens of the A-CD patients than
in the fecal samples, and that the reduced proportion was higher
than that of C. leptum in the biopsy specimens. In contrast, previ-
ous studies reported that F. prausnitzii within the C. leptum group
was strikingly low in mucosa-associated microbiotas (40, 41).
Based on these results, it is tantalizing to hypothesize that the C.
coccoides group was more effective in adhering to the mucosal
surface and that the decrease in the C. coccoides group in both the
fecal and biopsy specimens of active CD patients, especially with a
strikingly decreased proportion in the biopsy specimens, was spe-
cific to CD in genetically susceptible individuals.

In our study, we found that the representative bacterium of
the C. leptum group, F. prausnitzii, nearly disappeared in both
different gut locations and in feces but increased in patients
with quiescent IBD. Previous reports showed that F. prausnitzii
produces formate and butyrate and that its fermented product
D-lactate provides energy for colonic epithelial cells and plays
an important role in epithelial barrier integrity and immune
modulation (41, 42). Additionally, Sokol et al. (16) demon-
strated that F. prausnitzii exhibits a butyrate-independent anti-
inflammatory effect in IBD models. Interestingly, however,
Hansen et al. (43) found that F. prausnitzii was increased in
pediatric CD patients at the onset of disease, but not in patients
with UC, suggesting a more dynamic role for this organism in
the development of IBD. Moreover, Willing et al. (19) reported
an increase in F. prausnitzii in colonic CD in twins with inflam-
matory bowel disease but a decrease in F. prausnitzii in ileal
CD. The biopsy specimens in the study by Hansen et al. were
taken from a single site: from the distal colon in controls, or
from the most distal inflamed site in IBD. The biggest differ-
ence in their data was the inclusion of subjects regardless of
whether they accepted the conventional IBD treatment. There-
fore, pharmacological treatment may be a potential con-
founder in the microbial study of IBD. Previous data showed
that the abundance of F. prausnitzii decreased strikingly in pa-
tients with ileal CD (28, 40), and Sokol et al. (16) also found
that F. prausnitzii presented a reduction in resected ileal Crohn
mucosa and was associated with endoscopic recurrence at 6
months. However, our data show that F. prausnitzii was con-
sistent at different gut locations in patients with CD. This may
be caused by various lifestyle and dietary habits. Our study was
focused on the populations of central China, most of whom
prefer a high-fiber diet, according to the results of our ques-
tionnaire. Additionally, F. prausnitzii represented a higher av-
erage proportion (11.4%) in the biopsy specimens of the HCs,
and organisms with such high proportions may display varied
functions in different mucosal sites. This remains an interest-
ing pursuit for further research.

This study design was based on the analysis of bacterial 16S rRNA
genes and reflected the gene copy number rather than true cell
counts. Also, the rRNA gene analysis did not reflect the functional
changes in gastrointestinal tract microbes, such as enhanced viru-
lence, mucosal adherence, and invasion, which do not influence the
relative proportions of species in the microbiota. Therefore, further
studies should be conducted on the functions of commensal bacteria.

We identified specific commensal bacteria that were signif-
icantly increased or decreased in individuals with CD and UC.

404 jcm.asm.org

The butyrate-producing bacteria of Clostridium clusters IV and
XIVa were found to be decreased; in particular, F. prausnitzii was
decreased in IBD patients. However, Bifidobacterium and the
Lactobacillus group were increased in patients with active IBD.
Thus, more attention should be paid to butyrate-producing bac-
teria, and Bifidobacterium and Lactobacillus could then be used
more cautiously as probiotics in patients during the acute phase
of IBD.
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